Background
Cardiovascular disease is the leading cause of morbidity and mortality among the population of India. It contributes to nearly one quarter of the deaths in the working age group of 25-65 years in the country. 1, 2 The average age of onset of cardiovascular disease is found to be lower among Indians when compared to other populations. 3 A rise in the prevalence of cardiovascular disease has been attributed to changes in lifestyle and dietary practices in the country. 4 The total serum cholesterol level is considered to be an important modifiable risk factor for cardiovascular disease. 5 Studies from different parts of India show that the prevalence of hypercholesterolaemia is high among Indians. [6] [7] [8] Surveillance of cardiovascular risk factors conducted by the Indian Council of Medical Research (ICMR) in different Indian states showed that the urban Indian population has a higher prevalence of hypercholesterolaemia than the rural population. 9 Considerable differences in the prevalence of hypercholesterolaemia were observed among rural populations in different Indian states, with Kerala reporting the highest prevalence. 9 Kerala is one state in India with a high burden of cardiovascular disease, 10 but there is no significant difference in the prevalence of cardiovascular risk factors in the urban and rural populations in Kerala. 11 A possible explanation for this might be the fact that the state is undergoing rapid urban transformation, with increasing numbers of the population in rural areas engaging in non-agricultural occcupations.
In order to formulate plans to reduce the morbidity associated with cardiovascular disease, it is important to assess the level of risk factors in the population. Hence, this study was carried out to estimate the prevalence of hypercholesterolaemia among the population aged over 30 years in Kulappuram village, Kannur district in Kerala and to study the relationship between hypercholesterolaemia and age, sex, body mass index (BMI), fasting blood glucose and blood pressure.
Methods
The study was carried out in Kulappuram village, which comes under Cheruthazham Panchayat in Kannur district, Kerala. The village has a total of 520 houses and 2206 residents. The local nongovernmental organization, Kulappuram Vayanashala, in association with the Department of Community Medicine, Pariyaram Medical College is running a health-promotion initiative in the area, "the model health village project". Various health-education and screening activities are carried out through the project. For the project, the village is divided into 20 clusters based on geography.
As a part of the health-promotion and screening campaign, a series of screening camps were organized in Kulapppuram village by Kulappuram Vayanashala, in association with the Department of Community Medicine, Pariyaram Medical College, to screen for diabetes, hypertension and hypercholesterolaemia. For the campaign, volunteers conducted house visits to identify persons aged 30 years or more and encouraged them to attend the screening camp for investigation. A total of five screening camps were conducted, with one camp for four clusters. Screening was done between December 2011 and January 2012.
In the screening camp, blood samples were collected after 10-12 h of overnight fasting. The fasting levels of blood glucose and total serum cholesterol were analysed using a standard automated procedure (Beckman Coulter AU400 autoanalyser, 2009). Blood glucose was estimated by endpoint method, using the hexokinase glucose-6-phosphate dehydrogenese method, and serum cholesterol was estimated using the CHOP-PAP (cholesterol oxidase/peroxidase, phenol, 4-aminoantipyrine) method. Blood pressure measurement was carried out on the right arm of seated subjects, using a mercury sphygmomanometer (Diamond 2009, precision 2 mmHg). The height of the participants was measured (to the nearest millimetre) using a stadiometer (Seca 213) while they were standing erect without footwear and with their head positioned such that the external auditary meatus was level with the inferior margin of the orbit. Weight was measured (to the nearest 0.5 kg) using a mechanical weighing scale (Krups, 2009) while subjects were standing unsupported without footwear or heavy clothing. The results of the screening were entered into a screening record and a copy was given to the participants through the community volunteers. The participants with a fasting blood glucose >125 mg/dL and fasting serum cholesterol >199 mg/dL were referred for a free physician consultation at Pariyaram Medical College.
For the current study, the data in the screening records were reviewed to estimate the prevalence of hypercholesterolaemia among the participants who had attended the screening camp. Clearance for analysis of the records was obtained from the ethics committee of the Academy of Medical Sciences, Pariyaram. The data were entered using EpiDataversion 3.1 software and analysed using EpiInfo7.1.1.14 (Centers for Disease Control and Prevention, Atlanta, United States of America). A total serum cholesterol level of ≥200 mg/dL was considered as hypercholesterolaemia. The significance of association of hypercholesterolaemia with age, sex, BMI and blood pressure was tested using the chi-squared test. Logistic regression was carried out to estimate the adjusted odds ratio (OR).
results
In the study area, all the 1070 person aged above 30 years were contacted by home visit and encouraged to attend screening by the volunteers. Of these, 533 attended the screening programme. Table 1 shows the general characteristics of the study participants. Women constituted 61.9% of the total sample. BMI was ≥25 kg/m 2 in 32.6% of the participants and ranged between 23 kg/m 2 and 24.9 kg/m 2 in 18.2% of the participants. The fasting blood glucose was >126 mg/dL in 9.2% and was in the range 110-126 mg/dL in 7.9% of the participants. Blood pressure of <140/90 mmHg was seen in only 46% of the study participants.
The proportion of participants with hypercholesterolaemia (total cholesterol level ≥200 mg/dL) was 63.8%. The total cholesterol level ranged between 200 mg/dL and 239 mg/dL in 44.7% and was above 240 mg/dL in 19.1% of the study participants. Table 2 shows that the prevalence of hypercholesterolaemia was similar across different age groups and was higher in women (67.6%) than men (57.6%; P = 0.02). It was also more prevalent in those who had a BMI ≥25 kg/m 2 (69%) and in those with BMI in the range 23-24.9 kg/m 2 (71.1%) when compared to normal (18-22.9 kg/m 2 ; 59%). No statistically significant relationship was found between fasting blood glucose level and hypercholesterolaemia.
Hypercholesterolaemia was seen more in those who had either systolic blood pressure ≥140 mmHg or diastolic blood pressure ≥90 mmHg (68.8%) when compared with those who had blood pressure <140/90 mmHg (58%) (P < 0.001). Among those who had diastolic blood pressure in the range 90-99 mmHg and those with diastolic blood pressure ≥100 mmHg, the prevalence of hypercholesterolaemia was 71.1% and 69.2% respectively. This was found to be significantly higher than in those with diastolic blood pressure <80 mmHg (51.3%) (P = 0.008).
Logistic regression analysis (see Table 3 ) showed that the odds of having hypercholesterolaemia were higher in women than in men (adjusted OR: 1.56; 95% confidence interval [CI]: 1.07-2.27). Also, a significant association was seen with a BMI in the range 23.0-24.9 kg/m 2 (adjusted OR: 1.78; 95% CI: 1.04-3.02) and blood pressure ≥140/90 mmHg (adjusted OR: 1.62; 95% CI: 1.1-2.38). 
Discussion
Hypercholesterolaemia was found in 63.8% of the participants of this study. Studies carried out in rural populations of other Indian states in the past decade have reported prevalences of hypercholesterolaemia in the range of 12-30%. 6, [13] [14] [15] The prevalence in the study sample was found to be more than double that reported in other rural Indian populations. 6, [13] [14] [15] The prevalence was also higher than that in the urban Indian population, which has been reported to range between 19% and 44%.
6,14-17 However, the result was similar to the findings of studies conducted in rural population in central and southern Kerala, which report a prevalence between 37% and 57%. 8, 11 The prevalence of hypercholesterolaemia in the study sample was more than the global average of 39% reported by the World Health Organization. 18 Hypercholesterolaemia was found to be more prevalent in women, in those with high BMI (23.5-24.9 kg/m 2 ) and in those with blood pressure ≥140/90 mmHg. A similar association with female sex, high BMI and hypertension was seen in the ICMR-INDIAB (India Diabetes) study. 6 In the present study, the prevalence of hypercholesterolaemia was similar in different age groups; this is in sharp contrast to other studies, which report an increase in prevalence with advanced age. In the present study, even the young age group of 30-39 years had a prevalence of 54%. A similar result (49%) was found in participants aged 25-35 years in a study in Kerala by Thankappan et al. in 2009. It is important to consider the factors that can explain the high burden of hypercholesterolaemia in the study population. Low physical activity and high intake of saturated fat and red meat are some of the factors that are traditionally attributed to hypercholesterolaemia. 19 The ICMR noncommunicable diseases risk factor survey in Kerala showed that more than 95% of households in Kerala are using oils like coconut oil or palm oil, which have a saturated fatty acid content of more than 90%. The use of oils that are rich in saturated fats is low in all other states in which surveys have been carried out. The daily consumption of food items that are rich in saturated fats and cholesterol, like fried foods, red meat and eggs is also high in the state. 20 The level of physical activity was found to be low in 75% of the population aged over 15 years in the state. 20 A study conducted in the same area showed that a low level of physical activity was seen among 66% of the population aged over 15 years. 21 The study has certain limitations. Individuals who were eligible for the study were identified by home visits and were encouraged to attend a screening camp organized in their vicinity. As the response rate was only 50%, this process may have resulted in an over-estimation of prevalence. However, a prevalence of 32% is seen even when it is estimated by using the total population aged over 30 years as the denominator (340/1070). This is still higher than that seen in studies from north India. Also, the study only assessed the prevalence of hypercholesterolaemia, which is only one form of dyslipidaemia. Measurements of the levels of high-density lipoprotein (HDL), low-density lipoprotein (LDL) and triglycerides are needed to ascertain the true extent of dyslipidaemia in the population. Another limitation is that the study did not assess the presence of behavioural risk factors in cardiovascular disease, such as physical activity, misuse of alcohol, diet and central obesity.
conclusion
The study concludes that the prevalence of hypercholesterolaemia is high in this study population in rural Kerala. In order to reduce the burden of cardiovascular diseases, efforts need to be made to reduce the prevalence of modifiable risk factors like hypercholesterolaemia. Practices like diet modification and recreational physical activity should be encouraged to achieve this aim. As a high prevalence of hypercholesterolaemia was seen even in younger age groups, early screening should be carried out.
